Cabanillas-Balsera D, Mart ın-Gonz alez J, MonteroMiralles P, S anchez-Dom ınguez B, Jim enez-S anchez MC, Segura-Egea JJ. Association between diabetes and nonretention of root filled teeth: a systematic review and meta-analysis. International Endodontic Journal, 52, 297-306, 2019. Previous studies have found an association between the outcome of root canal treatment (RCT) and diabetic status. This systematic review and meta-analysis aimed to analyse the potential relationship between diabetes and the occurrence of extracted root filled teeth (RFT). The clinical PICO question was as follows: in adult patients with RFT, does the absence or presence of diabetes influence the prevalence of RFT extraction? The key words used in the systematic search were as follows: (Diabetes OR Diabetes Mellitus OR Hyperglycaemia OR Diabetic) AND (Endodontic OR Endodontics OR Endodontic Treatment OR Root Canal Treatment OR Root Canal Preparation OR Root Canal Therapy OR Root Filled Teeth OR Endodontically Treated Teeth) AND (Extraction OR Retention OR Survival OR Success OR Failure OR Outcome). The primary outcome variable was odds ratio (OR) for the frequency of extracted RFT in diabetics and healthy subjects. The method of DerSimonian-Laird with random effects was used to calculate the overall OR. Three hundred titles were identified, and three studies achieved the inclusion criteria. Data from 54 936 root canal treatments, 50 301 in nondiabetic control subjects and 4635 in diabetic patients, were analysed. The calculated overall odds ratio (OR = 2.44; 95% CI = 1.54-3.88; P = 0.0001) implies that diabetics had a significantly higher prevalence of extracted RFT than healthy nondiabetic subjects. The results of available studies indicate a significant relationship between DM and increased frequency of nonretained root filled teeth. Diabetes mellitus should be considered an important preoperative prognostic factor in root canal treatment.
Introduction
Apical periodontitis (AP) is an inflammatory process surrounding the apex of a root, subsequent to bacterial infection of the root canal system (Siqueira & Rôc ßas 2014) . Apical periodontitis is associated with a bone lesion characterized radiographically by a radiolucent image around the root apex of the affected tooth (Bender & Seltzer 2003) . AP is a remarkable health problem, being one of the most prevalent diseases in the world (Figdor 2002) . The prevalence of AP increases with age and ranges between 34-61% of individuals (Buckley & Sp angberg 1995 , Chen et al. 2007 . Radiographic signs of periapical disease are found in 2.8-5.1% of teeth (Eriksen 1998 , Jim enez-Pinz on et al. 2004 , Caplan et al. 2006 , L opez-L opez et al. 2012 . The incidence of new cases of AP over a 24-year period is as high as 27-41%, depending on age (Buckley & Sp angberg 1995) . Root canal treatment (RCT) is the treatment of choice for teeth with AP (Ørstavik & Pitt Ford 2007) , with the prevalence of RCT being 41-59% of individuals and 2-6.4% of teeth (Eriksen 1998 , Jim enez-Pinz on et al. 2004 , Caplan et al. 2006 , L opez-L opez et al. 2012 . Ten per cent of young military recruits had at least one root filled tooth (RFT) (Winward et al. 2014) .
The outcome of RCT has traditionally been studied based on clinical parameters, radiographic assessment of periapical status and histopathological evaluation of extirpated tissue (Lazarski et al. 2001) . According to clinical and radiographic evaluation criteria, follow-up studies have reported success rates of 53-95% (Jokinen et al. 1978 , Ingle 1985 , Ng et al. 2011 . Preoperative factors (systemic conditions, impaired immune response, root fractures, anatomic irregularities, periodontal diseases, etc.) (Marending et al. 2005 , intra-operative factors (poor initial therapy, incomplete aseptic control, inadequate instrumentation or root filling) and postoperative factors (crown fractures or improper coronal restoration) determine the prognosis of RCT (Vire 1991 , Ng et al. 2011 .
Persistent apical periodontitis indicates RCT failure, and the subsequent untoward events include root canal retreatment, apical surgery and extraction. The assessment of the outcome of RCT can be made by quantifying the incidence of these events (Lazarski et al. 2001) . The analysis of more than 100.000 cases of RCT revealed an overall incidence 6.4% of untoward events, 3.6% extractions, 1.9% root canal retreatments and 1% periradicular surgery (Lazarski et al. 2001) . Another study conducted in Taiwan found untoward events in 9.7% of RFT after a 5-year follow-up, with the most common untoward event being tooth extraction (71.1%) followed by root canal retreatment (24.1%) and apical surgery (4.8%) (Chen et al. 2008) .
The percentage of retention of RFT is an indicator that allows the outcome of RCT to be assessed. A study conducted in the Netherlands in 1983 evaluated the outcome of RCT in servicemen and reported that 55% of root filled teeth had been retained after 17 years (Meeuwissen & Eschen 1983) . Tooth loss after RCT correlated with the number of proximal contacts, age, history of facial injury, number of missing teeth and abutment status (Caplan & Weintraub 1997) . Extractions after RCT may be due to prosthetic (59%), periodontal (32%) and endodontic causes (9%) (Vire 1991) .
Diabetes mellitus (DM) is a systemic disease with a possible association with AP (Segura-Egea et al. 2012 . DM is a metabolic disorder due to pancreatic b-cells dysfunction, with a deficiency in insulin secretion, and/or peripheral insulin resistance, resulting in hyperglycaemia as the main feature (ECDCDM 2000 , Mealey & Oates 2006 . The function of leucocytes is altered in diabetes, with increased release of proinflammatory cytokines and decreased secretion of macrophage growth factors, facilitating the development of chronic inflammatory processes and reducing tissue repair ability (Iacopino 2001) . Additionally, the levels of advanced glycation end-products (AGEs) are elevated in diabetic patients, increasing tissue oxidative stress and upregulating inflammatory responses (Fouad & Huang 2015) . Moreover, poorly controlled diabetics have further immunological alterations in leucocyte function and wound healing (Delamaire et al. 1997 , Iacopino 2001 , Salvi et al. 2008 .
A recent meta-analysis has demonstrated a significant association between diabetes and the frequency of RFT with radiological signs of persistent apical periodontitis, in agreement with studies showing a delayed periapical repair in diabetic patients (SeguraEgea et al. 2016) . Consequently, increased failure of root canal treatment with greater likelihood of RFT loss would be expected in diabetic patients.
In this study, a systematic review and meta-analysis were carried out to investigate the potential relationship between diabetes and the occurrence of extracted RFT.
Review
The clinical PICO question to be answered was as follows: in adult patients with RFT, does the absence or presence of diabetes influence the prevalence of RFT extraction?
Literature search strategy
The systematic review was carried out following conventional methods (Stroup et al. 2000 , Bader 2004 ). After formulating the PICO question, the search plan was designed and the articles found in the search were selected according to the previously established criteria for inclusion and exclusion. Subsequently, the quality of the articles was evaluated and their results Diabetes and nonretention of RFT Cabanillas-Balsera et al.
collected and analysed (Pak et al. 2012 Several endodontic journals and the references of significant papers and reviews were hand-searched. The last search was made on 23 March 2018.
Study selection and inclusion and exclusion criteria
The titles and abstracts of the published studies collected in the search were screened by three investigators (D.C-B., J.M-G. and J.J.S-E.). Articles that did not meet the inclusion criteria were excluded. All remaining articles were obtained, and full text reviewed independently by four reviewers (D.C-B., J.M-G., P.M-M. and J.J.S-E) according to the established inclusion criteria: (i) the type of study: epidemiological studies published from January 1988 to February 2018; (ii) studies comparing diabetic and nondiabetic patients; and (iii) studies establishing the outcome of RCTs and recording data on the frequency of RFT retention in diabetic patients and control subjects.
The following were established as exclusion criteria: (i) experimental studies (laboratory and animals) and (ii) studies including only diabetic patients. When there was disagreement among the reviewers, the basis for the decision was consensus.
Evidence quality evaluation and data extraction
The quality of the methodology used in each study was assessed, and the results were read and analysed carefully. From each of the selected studies, the following data were recorded: name of the authors, date of publication, type of study design, sample size, quantitative results and odds ratio values, and quality level according to Oxford CEBM guidelines (OCEBM 2009).
Outcome variables and statistical analysis
As a measure of the effect and as a primary outcome variable, the odds ratio (OR) calculated in each study for the relationship between the retained RFT and the diabetic state was collected. To calculate the pooled OR, the DerSimonian-Laird method with random effects was used, calculating 95% confidence intervals for the OR. The Breslow-Day test (BDT) and the I 2 test were used to assess heterogeneity among the calculated ORs (Higgins & Thompson 2002 carry out the meta-analysis (Freemantle 2000) . Significance level of P < 0.05 was considered.
Search results
Figure 1 presents the search strategy, which provided three hundred titles. Removing duplicates for both searches (204 items) and articles published before 1980 (3 items), 93 articles were obtained. Subsequently, the titles and the summary of the obtained studies were analysed, selecting 15 for full-text reading. Then, 12 studies were disallowed: two of them studied loss of teeth in periodontal patients (Faggion et al. 2007 , Dannewitz et al. 2016 , six studies only provided data regarding periapical lesions (Britto et al. 2003 , Segura-Egea et al. 2012 Potentially pertinent studies after search strategy: 
Study characteristics
Three studies were included in the final analysis: (i) Mindiola et al. (2006) , (ii) Wang et al. (2011) and (iii) Ng et al. (2011) . Table 2 summarizes the study design, sample size, main data and level of evidence (OCEBM 2009).
Meta-analysis Table 3 shows the compilation of the results of the selected studies, with the calculated descriptive statistics and odds ratios ( Table 3 ). The ORs of the included studies were nonhomogeneous (Breslow-Day test = 7.03; df = 2; P = 0.03) (Fig. 2 , L'Abb e plot), with high heterogeneity (I 2 = 70.8%; 95% CI = 0% to 89.3%), so the random effects model was used to calculate the weights. DerSimonian-Laird method with random effects was performed, providing a pooled OR = 2.44 (95% CI = 1.54-3.88; v 2 = 14.40; P = 0.0001), as shown in the Forest plot (Fig. 3) , indicating that the probability that root filled teeth are extracted is more than twice as high in diabetics compared to healthy patients.
Interpretation and assessment of the included studies
The period of time in which the three studies were published was 2006 and 2011 (Table 2) . One of them was a retrospective longitudinal study with 10-year follow-up (Mindiola et al. 2006) , and the other two were prospective studies with 2-to 4-year follow-up (Ng et al. 2011 , Wang et al. 2011 . These studies included data from 54 936 teeth with RCT, 50 301 in control patients and 4635 in diabetic patients. In the study of Mindiola et al. (2006) , factors associated with nonretention of teeth after RCT were evaluated and confirmed that the presence of diabetes increased the extraction of root filled teeth (10.3%) compared to healthy control subjects (3.9%) (OR = 2.87; 95% CL = 1.74-4.56; P < 0.00005). Wang et al. (2011) investigated 49 334 RCT, 4358 in diabetic patients, finding an increased risk of tooth extraction after RCT in patients with DM (5.3%; HR 1.70) than in patients without DM (3.0%) during a 2-year follow-up period (OR = 1.79; 95% CL = 1.55-2.07; P < 0.0001). Ng et al. (2011) analysed factors which affected the outcomes of RCT, including the patients' medical condition. They identified a higher rate of extracted RFT in patients with diabetes (15.6%) than healthy counterparts (4.4%) (OR = 4.01; 95% CL = 1.46-9.52; P = 0.0005).
Discussion
The aim of this study was to analyse the possible relationship between diabetes and the incidence of extracted RFT. The systematic review included the best available evidence: one retrospective longitudinal study, with 10-year follow-up (Mindiola et al. 2006) , level of evidence 3b and two prospective studies with 2-to 4-year follow-up (Ng et al. 2011 , Wang et al. 2011 , both also 3b level of evidence. The homogeneity of the three studies (Breslow-Day = 7.03; df = 2; RCT, root canal treatment; RFT, root filled teeth; Extracted*RFT, extracted root filled teeth.
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International Endodontic Journal, 52, 297-306, 2019 P = 0.03; and I 2 = 70.8%; 95% CI = 0% to 89.3%) was low, suggesting a limitation in the results and indicating that a random effects meta-analysis model should be performed. Overall, the OR provided by DerSimonian-Laird, with random effects, was significant (OR = 2.44; 95% CI = 1.54-3.88; P = 0.0001) suggesting a relationship between diabetes and the loss of RFT. Therefore, it could be concluded that diabetes contributes to the loss by extraction of RFT in diabetic patients. Despite only three studies meeting the inclusion criteria, this meta-analysis analysed a large sample size, providing data from nearly 55 000 teeth with RCT. Moreover, it is important to analyse the design of the studies. Taking into account that the three articles included in this systematic review are longitudinal studies, their results can be explained by the differences in the healing process of apical periodontitis amongst diabetic and healthy subjects.
A probable association between DM and endodontic infections has been investigated in numerous animal (Kohsaka et al. 1996 , Fouad et al. 2002 Figure 3 Forest plot of ORs and 95% confidence limits (CL) for the comparison of diabetics and healthy control subjects regarding the frequency of extracted root filled teeth (RFT). Overall estimate is based on data from the three studies. Black squares represent the point estimate of the odds ratio and have areas proportional to study size. Lines represent 95% confidence intervals. The diamond shows the summary statistic for the three studies. The solid line indicates an odds ratio of 1.0, and the dashed line indicates the overall odds ratio. OR, odds ratio; LCL, lower confidence level; UCL, upper confidence level.
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, Bain et al. 2009 , Kodama et al. 2011 , Astolphi et al. 2013 , Cintra et al. 2013 , Wolle et al. 2013 , Pereira et al. 2016 and human studies (Bender et al. 1963 , Falk et al. 1989 , Ueta et al. 1993 , Bender & Seltzer 2003 , Britto et al. 2003 , Fouad & Burleson 2003 , Mindiola et al. 2006 , Doyle et al. 2007 , Ng et al. 2011 , Wang et al. 2011 , Mohamed et al. 2013 , S anchez-Dom ınguez et al. 2015 over more than 50 years, analysing the frequency of radiolucent periapical lesions and RCT, as well as the prevalence of RFT with radiolucent periapical lesions as endodontic variables.
The success of RCT has been assessed as the prevalence of radiolucent periapical lesions in RFT, regarding healing periapical lesion (Ueta et al. 1993 , Doyle et al. 2007 , Ilg€ uy et al. 2007 , Iqbal & Kim 2008 , Lin et al. 2014 . Although the available scientific evidence suggests a relationship between diabetes and a higher frequency of RPLS, greater size of periapical lesions and greater incidence of odontogenic infections (Segura-Egea et al. 2012 , the results were not conclusive. Segura-Egea et al. (2016) conducted a meta-analysis investigating the relationship between DM and the frequency of RFT with radiolucent periapical lesions. Even though individually, none of the seven included studies provided a significant OR regarding this correlation, pooled OR of the meta-analysis (OR 1.42; 95% CI = 1.11-1.80; P = 0.006) indicated that DM was significantly associated with a higher frequency of persistent apical periodontitis, diagnosed radiographically, in RFT. These results agree with those of the present study, with an OR = 2.44 (P = 0.0001), which indicates that diabetics are two and a half times more likely to lose RFT. Taking the results of both meta-analysis together supports the concept that diabetes is associated with an increased failure of RCT. Thus, diabetes mellitus should be considered one of the main preoperative indicators of increased risk of failure of RCT.
The higher prevalence of radiolucent periapical lesions in RFT and the delayed periapical repair found in diabetic patients (S anchez-Dom ınguez et al. 2015, Segura-Egea et al. 2016) would suggest an increase in untoward events following RCT, that is translated into a high incidence of extractions, retreatments and apical surgery in patients with diabetes mellitus.
Although the biological mechanisms by which diabetes mellitus leads to a greater loss of teeth are not well-known, they might be related to: (i) chronic inflammatory conditions predisposed by DM, (ii) reduced tissue repair capacity due to DM, (iii) affected immune response increasing susceptibility to infections resulting from DM and (iv) alteration in the mechanisms of bone turnover and apical repair in DM (Garber et al. 2009 , Gurav 2013 , Fouad & Huang 2015 . Therefore, diabetes mellitus could compromise the immune response, increasing periapical inflammation and deteriorating bone turnover and wound healing in the periapical tissues of RFT, leading to post-treatment endodontic disease, and an increase in the prevalence of nonretention of root filled teeth, and an increase in the prevalence of tooth extraction .
Taking into account that the available scientific evidence demonstrates a significant association between diabetes and periodontal disease (Katz 2001 , Soskolne & Klinger 2001 , another possible mechanism by which diabetes could reduce the survival of root filled teeth would be a deterioration in their periodontal status. Periodontal disease is the main cause of tooth loss in adult patients (Ong 1998) . Therefore, it is legitimate to assume that an undetermined percentage of the root filled teeth that are lost in diabetic patients is due to periodontal causes. However, the literature that was analysed in this systematic review did not control for periodontal disease and no conclusions can be drawn in this regard. This could cause a bias in the results of this review. Future investigations studying the association between the outcome of RCT and diabetes should control for periodontal disease.
Another possible confounding factor causing bias in the results of this systematic review could be age of the patients. The incidence of both diabetes and AP increases with age (Buckley & Sp angberg 1995 , Chen et al. 2007 . Moreover, Mindiola et al. (2006) found that increasing age contributes to decreased retention of root filled teeth. Taking into account that the OR estimates retrieved from the three articles included in the meta-analysis are crude and are not adjusted for the effect of age, the present findings must be interpreted cautiously. However, one of the studies included in this systematic review (Wang et al. 2011) carried out a multivariate analysis with Cox regression models. They calculated the hazard ratio (HR), adjusted for age, gender and tooth type, concluding that DM was significantly associated with tooth extraction after completion of RCT (HR = 1.29; 95% CI = 1.11-1.50; P = 0.008).
Lastly, in view of the association between diabetes and the outcome of RCT (higher rate of persistent apical periodontitis, as reported previously by Segura-Egea et al. (2016) , and decreased retention of RFT), and taking into account that diabetes mellitus is considered the third most prevalent condition in medically compromised dental patients (Dhanuthai et al. 2009 ), dentists must translate this into their clinical practice, investigating a possible diabetic state in patients who have lost several RFT. Thus, dentists should always ask about the systemic health status of patients, in particular, on whether their blood sugar level has been checked recently.
Conclusions
The results of available studies indicate a significant relationship between DM and increased frequency of nonretained root filled teeth. Diabetes mellitus should be considered an important preoperative prognostic factor in root canal treatment. However, welldesigned prospective studies are required to determine the exact contribution of diabetes to the increased risk of post-treatment endodontic disease and the mechanisms by which it occurs.
